A novel fiber temperature sensor is presented theoretically and experimentally in this paper. Its working principle is based on Optical Fabry-Perot interference structure that is formed between a polished optical fiber end and micro-mechanical Bi-layered membranes.
Introduction
Temperature is one of the most important measurement parameters in industrial and agricultural productions, so it is meaningful to research and develop high-accuracy and miniature temperature sensors that can be applied in such situations. Because of their simple construction, anti-electromagnetism interference and high accuracy，the Fabry-Perot optical fiber sensors get widespread research in the word [1] [2] [3] [4] . One of the earliest Fabry-Perot temperature sensors was designed by forming Fabry-Perot cavity between a thin silicon membrane and the end of a multimode fiber [5] , but its sensitivity is low and its size is large. Another Fabry-Perot temperature sensor utilized a cavity formed between two cleaved ends of two fibers fixed in a capillary [6] , and its temperature sensitivity in this case is due to the thermal expansion of capillary that changes the length of Fabry-Perot cavity, but its structure is complicated and not easy to use. In this paper, a novel Fabry-Perot temperature sensor is presented which is based on Fabry-Perot cavity and Bi-layered membranes. Because this temperature sensor has some features, such as: small size, high accuracy, and integrating with optical fibers, this Fabry-Perot temperature sensor would be suitable for accurate temperature measurements where the traditional Thermometer can not work, such as: remote place, narrow position, and strong electromagnetism interference working area.
Basic structure and principles

Basic Structure of Sensor Head
The configuration of the Fabry-Perot temperature sensor head consists of a silicon plate with a shallow square cavity and bi-layer membranes that covers the cavity by bonding process, as shown schematically in Figure1. Fabry-Perot cavity's upper mirror is bi-layer membranes and lower mirror is formed by polished fiber end, so the Fabry-Perot cavity is formed between bi-layer membranes and polished fiber end, and in this structure the parallel between upper and lower mirror must be guaranteed. Micro-fabrication methods were used to fabricate the temperature sensor head with micro-mechanical process. Figure 2 shows the configuration of the sensor system, the system consists of four parts: a laser diode(LD) light source, a photo-electrical detector PIN, a 2×2 multi-mode fiber coupler, and the Fabry-Perot sensor head. The output of LD source is coupled into 2×2 single mode fiber and propagates through the fiber coupler to the Fabry-Perot sensor head. Because Fabry-Perot cavity's upper mirror is made up of bi-layer membranes, bi-layer membranes will be deflected in response to ambient temperature change owing to different thermal expansion coefficient of this two layer materials, this is so-called 'Bi-coating Effect'. Fabry-Perot cavity depth will be changed when the bi-layer membrane is deflected thermally, and this results in optical reflecting power change of the Fabry-Perot basing on multiple optical interferences. The reflecting light from the Fabry-Perot cavity is returning back through the same fiber coupler and converted to electricity by detector. The reflectance R of Fabry-Perot cavity can be expressed by [ 7] 
where R 1 represents the reflectance of the fiber face, R 2 represents the reflectance of membranes surface, and φ ,the round-trip propagation phase shift in the Fabry-Perot cavity, The value of φ is given by
where is the cavity depth, and h 0 λ is the optical wavelength. As seen from equ. (1) proportion to the temperature's variety T Δ and the difference of bi-layer material's thermal expansion coefficient. It implies that bi-layer membranes' deflection becomes larger when the difference of bi-layer material's thermal expansion coefficient increases. Bottom layer of bi-layer membranes can be made of silicon because silicon's thermal expansion coefficient is relative small and it is easy to bond with silicon plate, aluminum can be selected for the upper layer material of bi-layer membranes because its difference of thermal expansion coefficient with silicon is more obvious than that of silicon and others material. From the equ. (4), It can be deduced that M gets maximum when the thickness ratio of bi-layer membranes is 0.55 for silicon and aluminum coating, thus it implies that max δ gets maximum.
Determination of Membranes Dimensions
Combined equation (1), equation (2) and equation (3), the reflected light intensity varies periodically as a function of the cavity depth , and variation period of is h h 2 / 0 λ . To avoid ambiguous results from the period variation of the reflected light intensity, the maximum diaphragm deflection is typically restricted to guarantee reflected light intensity have a single definite value relation with the cavity depth , so the maximum diaphragm deflection should be restricted to less than The thickness and the length of the square membranes are crucial parameters for sensor design. We initially designed temperature sensors with the temperature range 0℃ to 100℃, to operate at λ 0 =1310nm, so the thickness and the length of the square membranes should be chosen to guarantee that the range of cavity's variety is less than 164 nm. Using software ANSYS to analyze the bi-layer membranes, Figure4 shows the deformation of square membranes when measured temperature is 100℃ for selecting parameters, and different gray color represents different deformation scope in Figure4. As can be seen from Figure 4 , the white region's area is far larger than fiber end face, therefore the centre of square membranes have a region that can guarantee parallel motion of lower mirror when it is deflected. When square shape is selected for bi-layer membranes' geometrical shape, considering the optimization of sensor's sensitivity and structure, optimized parameters were finally determined as: L=W=500μm，t1 =40μm, t2 =22μm. For getting coefficient relation between measured temperature and central maximum deflection, central maximum deflection versus measured temperature have been calculated by means of software ANSYS given in Table 1 . 4. Fabrication and experiment
Fabrications of Temperature Sensor
Using optical fiber coupler and photo-electrical detector PIN, the sensor head was fabricated successfully according to the illustration shown in Figure 5 , multi-mode telecommunication fibers with diameter 125 um were used to fabricate the sensor head. Firstly, the protective layers of fibers were stripped off at one end, and inserted into ceramic ferrules; secondly, the end face of the fiber were polished with the ferrules; thirdly, one fiber was fixed with bi-layer metal membranes, and two facet-polished fibers were inserted into a holey sleeve, and an air cavity was formed between two fiber facets by careful controlling. As can be seen from Figure 5 , when bi-layer membranes were deflected in response to detected temperature changes, the fiber facet fixed with membranes would move relatively from another fiber facets, then Fabry-Perot cavity depth would be changed . The temperature sensor based on the extrinsic fiber Fabry-Perot cavity and bi-layer metal membranes was done to verify the feasibility of the sensor model descried in Section 2. A laser diode ( nm 1310 = λ ) illuminates the Fabry-Perot temperature through a 2 2× coupler. The reflected light power was measured from one input ports of the coupler by opto-electrical detector. One output port is connected to the temperature sensor placed in the temperature-controlled sample chamber. The other end of the output port of the coupler is dumped into index matching liquid to avoid any disturbing reflected light from the unused output. The experimental curve was fitted by experimental data points shown in Figure 7 , The full testing scope is from 0 to 80℃, a average sensitivity of 62.82nw/℃ and accuracy of ％ were obtained over the full temperature range.
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Conclusion
The paper has successfully demonstrated a novel micro-mechanical optical temperature sensor capable of temperature measurements in related applications. Construction of the all-optical miniature temperature sensor has been described and was optimized theoretically. The fabricated sample sensor was tested successfully by experiment that demonstrated above theoretical analysis and theoretical simulation results. The advantages of this temperature sensor are small size, high sensitivity, immunity to electromagnetic interference and available for remote sensing. This type of optical fiber sensors can offer its applications in harsh and narrow environments.
